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When a faculty member stopped by for a quick question, we did not realize 
that it would develop into a months-long project to integrate information 
literacy into her undergraduate course. It all began when the faculty mem-
ber won a National Science Foundation (NSF) grant to improve STEM 
education methods in a Bachelor of Science in Information Technology 
(BSIT) course.1 Using the grant, the professor wanted to flip her classroom 
to help her students actively learn the professional skills necessary for their 
future careers, and she wanted the libraries to be involved. Because com-
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bining the flipped classroom strategy with brain-based learning theory en-
gages students in authentic and active learning experiences, we elected to 
incorporate brain-based learning theory into our BSIT work after several 
conversations with the professor and interactions with the students. Below 
we share how we deploy brain-based learning theory to create online learn-
ing modules and in-class instruction for non-traditional undergraduates.
Pedagogies: Flipped Classroom Learning 
and Brain-based Learning 
Keeping in mind the challenges her students face, the professor flipped her 
course to offer a more effective learning strategy for her students. More 
instructors are flipping their classrooms due to advances in technology and 
availability of digital resources. Generally speaking, in a flipped classroom 
students are exposed to new material outside of class before engaging in 
active learning activities to assimilate that knowledge in class.2 Using this 
flipped model, students perform passive activities at home, such as listen-
ing to lectures, then pursue active and authentic learning in class.3 Au-
thentic learning provides “lifelike, enriching, and appropriate experiences” 
to connect students with purposeful pursuits.4 A challenge with flipped 
classrooms can be that students continue their “passive roles” in class be-
cause they are so accustomed to in-class lectures.5 From our prior teaching 
experience in the BSIT program, the students retained their passive pos-
turing and reluctantly participated in class discourse, which the professor 
forewarned. Increasing participation in class discourse was an area for im-
provement because communication skills are not only brain-friendly tasks 
but also help prepare students for workplace interactions.6 Regardless of 
students’ passivity, the professor was keen to flip her classrooms to accom-
modate students’ busy work and personal schedules.
Authentic learning is also a hallmark of brain-based learning. Brain-
based learning prompts educators to individualize instruction to students 
and their unique brains, and to acknowledge that real-world elements 
such as intellect, creativity, emotions, and physiology impact learning.7 
To engage the whole brain, educators can demonstrate a positive atti-
tude.8 They can play upbeat music, incorporate bright colors into instruc-
tion, and encourage physical activities to increase blood flow to students’ 
brains.9 Moreover, brain-based theory works well with information liter-
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acy instruction.10 As Cook and Klipfel argued, librarians should incor-
porate brain-based learning and cognitive psychology into instruction to 
better equip students to learn, remember, and transfer information liter-
acy skills to the real world.11 Throughout this project, we considered how 
non-traditional students’ learning in a flipped classroom could be impact-
ed by key characteristics of brain-based learning, particularly narrative, 
authenticity, and emotion. To coincide with course redesign for the NSF 
grant, we designed the library session and materials to relate to students’ 
professional lives, authenticating their individualized educational experi-
ence.12
In order to create authentic learning opportunities, we want to avoid 
“busy work.” When planning for this, we first considered format. Though 
videos are popular for flipped classrooms, it can be difficult to locate quali-
ty, relevant videos.13 Additionally, BSIT students already watched taped lec-
tures, so we did not want to overload them with too many videos. We next 
considered the depth of knowledge to convey through learning materials. 
In terms of Bloom’s taxonomy, pre-class content should engage students 
to remember and understand concepts, while in-class materials require 
students to engage in higher order thinking skills, such as apply, analyze, 
evaluate, and possibly create information.14 A major hurdle for some col-
lege students, besides not enjoying reading, is they are not equipped to 
read scholarly information critically.15 Building off other flipped course de-
signs that emphasized critical reading, we decided to create online print-
able guides for facilitating critical reading and use of scientific articles and 
industry computer science standards for their final project.16
We designed the printable guides using brain-based learning theory, 
particularly focusing on how patterns impact learning. Hart, who devel-
oped the “programmed structures” or the “proster” theory of the brain, 
defined learning as “the extraction, from confusion, of meaningful pat-
terns.”17 Hart broke this into two fundamental processes: pattern seeking 
and program-building.18 The human brain engages in such processes be-
cause it does not learn by linear logic but by recognizing patterns in our 
chaotic world.19 We use these patterns to organize the information around 
us. We then make larger patterns out of the smaller ones in order to un-
derstand information.20 In other words, we are able to move and store new 
information from our short-term memories into our long-term memories 
by associating new information with prior knowledge.
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However, this does not mean that students thrive in chaos. Rather, ac-
cording to a more specialized branch of brain-based theory, cognitive psy-
chology, we parse information into digestible “chunks.” Chunking, accord-
ing to Daniel T. Willingham, is “the phenomenon of tying together separate 
pieces of information from the environment.”21 By chunking, students are 
able to hold more information in their short-term memories, maximizing 
knowledge to convert into long-term memories.22 Instructional goals are to 
never overload students with too much information at once and to make 
the information as authentic or relevant as possible.23 Our guides outline 
a hierarchical ordering of chunked information. Each addresses the two 
different source types and their components. In the scientific article guide 
(Appendix 49A), for instance, we detail the order of an article, identify 
contents of the abstract, introduction, and discussion, and delineate the 
most effective and efficient way to read an article. Essentially, we teach stu-
dents how to chunk relevant sources.
Showing students how to accomplish a task is one (passive) thing, but 
getting them to retain information about that task is much more compli-
cated. Our design, using brain-based theory, reinforces the intellectual 
and emotional engagement necessary to learn. First, we order information 
through bright colors and geometric shapes. Geometric shapes help con-
jure associative memories, so we clumped and distinguished article ele-
ments into squares before reordering the elements into a recommended 
reading pattern. Students, developing their own type of programmatic re-
sponse, or “fixed sequence” of learning, are empowered to read materials to 
recognize an order of operations for reading and understanding different 
source types.24 Bright colors also stimulate memory-building emotions. 
The use of bright orange and yellow with a little bit of red, for instance, 
can help readers feel happy and awake. Learners associate new informa-
tion with positive memories in order to better integrate it into long-term 
memory.25 Creating positive emotions help counter students’ stress, which 
is essential to learning. Stress can shut the brain down so much so that a 
person will not be able to communicate.26 This is not the reaction we want 
from students.
To further prompt communication and learning, we injected a little 
humor. Our colorful comic strip (Appendix 49D) focuses on the produc-
tion of two scientific articles. In the cartoon, one article author is an expert 
in the field and another an “expert” in watching scientific television. One 
toils over writing and researching while the other uses Massachusetts In-
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stitute of Technology’s SCIgen program to generate a computer science pa-
per—with both being published in reputable journals.27 Because the tale of 
two scientists is an example of an authentic narrative based on experience, 
it prompts students to question the authority, credibility, and expertise of 
academic sources. We turned to narrative because stories capture our inter-
est and our emotions. Theoretically, humans have a unique psychological 
preference for remembering narrative because stories are “humanistically 
and scientifically central to the human experience and memory.”28 Not to 
mention that the audacity of someone being able to publish a fake research 
paper is as laughable as it is troubling for their profession. Through their 
laughter, students can begin to question the authority of academic experts 
and prepare for our in-class information literacy instruction.
Our in-class instruction builds upon and assesses students’ prior 
knowledge acquired through pre-class activities and supports whole brain 
engagement with the materials. While developing prior knowledge is an es-
sential element of flipped classrooms, we also scripted brain-backed meth-
ods of repetition, playing music, and getting students to move around, thus 
increasing oxygen levels in their brain and their ability to learn.29
ACRL Information Literacy Frame: 
Authority is Constructed and Contextual
We integrated the flipped classroom and brain-based learning with the As-
sociation of College and Research Libraries (ACRL) frame, Authority is 
Constructed and Contextual, in order to create our pre-class and in-class 
materials and activities.30 We were drawn to this particular frame because 
its knowledge practices spoke to the needs of the students for authentic 
educational experiences. As working professionals and returning learners, 
BSIT students routinely work with “different types of authority” in their 
field, ranging from their work colleagues to their professors.31 We hoped 
our lesson plan will encourage students to recognize themselves as au-
thorities in their field and to foster the connection between students’ pro-
fessional and educational lives. For example, the pre-class items provide 
readers with tips for understanding and using authoritative sources in their 
field and overtly remind them that they are the future experts in their field.
To help students cross the conceptual threshold to “creating new knowl-
edge and participating ethically in communities of learning,” we used the 
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frame to define a series of learning outcomes and activities for our in-class 
session.32 First, emphasizing the ACRL frame of Authority is Constructed 
and Contextual, we ask students to recall pre-class activities through a brief 
class discussion. Next, students break into groups of three or four students. 
In groups, students reflect on the qualities of “good” scientific research. 
We encourage them to think of industry standards as well as trade, pop-
ular, and particularly academic sources they have used in school and at 
work, reasoning why they found the sources reliable. We prompt them to 
focus on author and publication credentials to determine what constitutes 
“good” scientific research. Then, as a class, the students solidify a rubric to 
evaluate scientific articles and industry standards for the next portion of 
the class. If needed, we suggest that an author’s credentials are determined 
through institutional and other affiliations, educational and professional 
background, and previous publication history. Other suggestions include 
that resources are evaluated on organizational associations, importance 
to the field, publisher, and presence in Ulrichsweb serials directory. Once 
the criteria are set, students conduct blind reviews of industry standards, 
real scientific articles, and SCIgen-generated papers. While music plays, 
groups walk between stations with different sources, evaluating the author-
ity of the author, sponsoring association if applicable, and the resource as 
a whole. With the music stopped, students then discuss their findings with 
the class, reflecting on their authority to evaluate the author and resource 
as students and professionals.
Our intent during the above process is to prompt students to “acknowl-
edge they are developing their own authoritative voices” in the field of com-
puter science and engineering so that they will be confident in their ability 
to participate in the social and intellectual development and challenging 
of their industry’s standards.33 Being able to do so impacts their ability to 
complete their required coursework. For instance, the final project for the 
semester requires students to write a Software Project Management Plan 
and Software Requirements Specification based on scientific literature and 
information technology industry standards.
As a final portion of the in-class activities, students form new groups 
to compete in citation mapping. Starting from one article related to their 
coursework, students will chain citations forward and backward using IEEE 
Xplore. By doing so, students understand how peer approval creates author-
ity while learning how to use a relevant database to effectively research. To 
win the citation game, groups must trace citations forward and backward by 
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manually researching and identifying at least thirteen sources. Found sourc-
es must share a common topical thread to the original source. Students must 
locate at least two sources for every one item and be able to justify their se-
lection. Again, students reflect upon their findings with the larger group. At 
the end of the session, students complete the posttest for the online modules, 
which mirror the pretests they take before reviewing pre-class assignments.
Lesson Plan
Learner Analysis
This lesson works well for transfer or non-traditional students who are also 
working professionals in need of engaging and relevant information litera-
cy instruction that will benefit their careers and save time.
Limitations
• Transfer or non-traditional students typically have restrictive 
schedules and are balancing work, school, and their personal lives.
Opportunities
• We have observed students are highly motivated to succeed in 
school to benefit their present and future careers.
• Computer science students are already acquainted with the design 
and function of databases, reducing the need to acclimate them to 
library databases and Boolean logic.
• Students may bring their professional work experience into the 
classroom, which helps make their learning experiences more au-
thentic.
Orientating Context and Prerequisites
Pre-instruction learner tasks
• Take pre-quiz on reading scientific articles (Appendix 49E).
• Read “Breaking it Down: Scientific Articles” (Appendix 49A).
• Take pre-quiz on engineering standards (Appendix 49E).
• Read “Breaking it Down: Industry Standards” (Appendix 49B) and 
“Breaking it Down: Making Industry Standard” (Appendix 49C).
• Take pre-quiz on the construction and contextualization of au-
thority (Appendix 49E).
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• Read “Breakin it Down: Who’s the Real Expert” cartoon (Appen-
dix 49D).
The pre-assignment materials are designed to prompt recognition and 
remembrance of formatting patterns, better enabling students to efficient-
ly and effectively research and read materials relevant to their course and 
professional information needs. To provide greater context for the creation 
of industry standards, we also have a roadmap to standards, which detail 
which individuals and organizations contribute to the creation and review 
process of industry standards (Appendix 49C). Additionally, a short comic 
strip about the production of a scientific article questions the authority of 
two fictional authors (Appendix 49D). Each component has a pretest and 
posttest to encourage active engagement and self-reflection to assess stu-
dents’ learning.
Instructional Context
The essential elements of this lesson plan include all the pre-class mod-
ules, the corresponding in-class modules, and the post-class assessment. 
The optional element is the in-class citation mapping activity. Because 
this is a flipped classroom, students should perform the pre-class modules 
prior to the in-class library session (Tables 49.1–49.3). Each of the three 
pre-class modules should take a total of ten to fifteen minutes. Although 
each element of the module is online, the components may also be printed 
and distributed to students. The in-class session requires fifty minutes of 
hands-on learning. The optimal class environment will have the technolo-
gy to allow the instructor to play music audible to students and contain a 
whiteboard or chalkboard. Ideally, students will also have access to a device 
with an internet access (computer workstations, personal laptop, tablet, or 
smartphone). However, the essential element to a successful activity would 
be simply a whiteboard or chalkboard. The design of this activity centers 
on stimulating the students’ whole brain by activating many senses, such as 
their hearing, touch, or vision.
Learning Outcomes and Learning Activities
Learning Outcomes
1. Identify and explain the components and purpose(s) of a scientif-
ic article.
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2. Identify and explain the components and purpose(s) of a standard.
3. Feel comfortable critiquing “well-known authoritative scholars 
and publications.”
4. Be aware of the various authorities that create and establish indus-
try standards.
5. Understand they are “developing their own authoritative voices” to 
participate in the information ecosystem.
6. Understand the “social nature of the information ecosystem” in 
which authors actively draw upon past and current scholarship 
and professional/academic networks for new knowledge creation.
Learning Activities
Tables 49.1–49.5 describe the learning outcomes and activities for this les-
son. The pre-class modules are made to be autonomous. Each pre-class 
module could be used on its own and in different courses. Also, the citation 
mapping is meant as an autonomous activity and could be used in con-
junction or separately from the reset of the materials presented here.
TABLE 49�1: PRE-CLASS ACTIVITY—WEEK 1
Scientific Article Module Learning 
Outcomes
Time






















Table 49�1� This table matches the ACRL frame, Authority is Constructed and 
Contextual, with the associated learning outcomes and supportive pre-class 
activity for Week 1. 
644  Chapter 49
TABLE 49�2: PRE-CLASS ACTIVITY—WEEK 2
Standards Module Learning 
Outcomes
Time
Material “Breaking it Down: Making 
of Industry Standards”; 
print or electronic
“Breaking it Down: Industry 







Read through the 
“Breaking it Down: Making 
of Industry Standards” and 











Table 49�2� This table matches the ACRL frame, Authority is Constructed and 
Contextual, with the associated learning outcomes and supportive pre-class 
activity for Week 2. 
TABLE 49�3: PRE-CLASS ACTIVITY—WEEK 3
Authority Module Learning 
Outcomes
Time
Material Comic strip, “Knowledge 
Engineered”
Assessment Pre-quiz—Authority 


















Table 49�3� This table matches the ACRL frame, Authority is Constructed and 
Contextual, with the associated learning outcomes and supportive pre-class 
activity for Week 3. 
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TABLE 49�4: IN-CLASS ACTIVITY—WEEK 4





Material Upbeat music; 4 stations 
with one scientific article 
or industry standard each; 
whiteboard; laptops or 




1. Play upbeat music as 
students enter the room.
2. Facilitate a group 
discussion to recap what 
students remember from 
the pre-class activities 
and create an evaluation 
rubric for scientific and 
standard publications 








Be aware of the 
various authorities 





3. Have students evaluate 
each scientific articles 
and industry standards 
by rotating through all 4 




4. Play upbeat music 
during group activities.
5. Facilitate a group 
discussion on the 






















Table 49�4� This table matches the ACRL frame, Authority is Constructed 
and Contextual, with the associated learning outcomes and supportive in-
class activities for Week 4. Direct quotations are taken from the “Knowledge 
Practices” under the ACRL frame, “Authority is Constructed and Contextual. 
The BSIT class periods are three hours, which allows for ample instructional 
time; however, the required in-class activity is timed out for a fifty-minute 
instructional session.
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TABLE 49�5: IN-CLASS ACTIVITY (OPTIONAL)—WEEK 4 





Material Upbeat music; 4 
stations with one 
scientific article or 
industry standard each; 





1. Pass out an article 
to each group that 
pertains to the 
course topic.
2. In groups, have 
students do citation 
mapping in IEEE 
Xplore.
Understand the 













3. Play upbeat music 
while students do 
the activity.
20 mins





5. Allow students time 








is Constructed and 
Contextual
5 mins
Table 49�5� This table matches the ACRL frame, Authority is Constructed 
and Contextual, with the associated learning outcomes and supportive in-
class activities for Week 4. Direct quotations are taken from the “Knowledge 
Practices” under the ACRL frame, “Authority is Constructed and Contextual. 
The BSIT class periods are three hours, which allows for an additional optional 
activity. The activity is timed for 30-60 mins of instruction. The optional activity 
can be adapted as a stand-alone activity during another class period or for a 
post-class assignment.
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Assessment
Assessment plays an important role in determining what students learn 
and retain and is a requirement of the faculty member’s NSF grant. Fol-
lowing brain-based methods, we provide immediate feedback during as-
sessment, essential to helping learners discern the effectiveness of their 
“pattern recognition and extraction,” through course management system 
quizzes.34 The tests avoid the dichotomy of right/wrong answers, giving 
students partial credit for recognizing one correct component if not all 
in multiple-choice questions.35 This encourages students on the right path 
and prevents feelings of “failure.” Pre- and posttests (Appendix 49E) assess 
four concepts:
1. understanding the structure and purpose of a scientific article 
and its components
2. understanding the roles published scholarly work and students as 
professionals play in scholarly conversation
3. understanding the structure and purpose of a standard and its im-
portance to engineering
4. understanding the contextual nature of authority
The students take the pretests before they start the associated online 
module while they take the posttest after the completion of in-class activ-
ities. Each test contains the same three randomized multiple-choice ques-
tions to assess student improvement when comparing test scores. We also 
consider students’ answers to open-ended reflective answers in each quiz 
and their integration of these concepts in their course project. Open-ended 
questions encourage student-narrated reflection of the lesson. The mix of 
open and multiple-choice questions makes assessment authentic because 
it allows students to relate course materials to their own lived experiences, 
increasing their engagement.36 To supplement the quizzes, we will also use 
our in-class instruction as an opportunity to observe students’ learning 
and to solicit feedback regarding pre-class materials from students and will 
make adjustments to our lesson plan accordingly.
Beta Mode Glitches and a Look into the Future
As we implement the beta mode version of the course redesign, we will 
continue to modify the content for our lesson plans based on instructor 
and peer feedback. The greatest challenge to integrating information lit-
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eracy into this course, perhaps, has been being able to find common time 
with the professor to meet and discuss the project. Through our face-to-
face meetings and the occasional email, we have been able to develop and 
continue to edit our lesson plan to meet the needs of the professor and stu-
dents, which includes designing the materials so that the instructor could 
lead the instructional session without the librarian present if necessary. 
Finally, if the students make it clear that we are not as funny as we think we 
are, we will change our punch lines.
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Appendix 49A
https://magic.piktochart.com/output/16260190-bsit_readscientificarticle201609
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Appendix 49B
https://magic.piktochart.com/output/19221751-bsitindustry_standards
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Appendix 49C
https://create.piktochart.com/output/19987454-bsit_readindustrystandard20170205






1. Which of the following choices best describes what would be 
found in a methods section?
a. Procedures and protocols, study parameters, and study 
limitations
b. Background information related to the study
c. Protocols and procedures, study information, and study 
failures
d. Number of replications, study parameters, procedures 
and protocols, study limitations
e. All of the above, except for B
2. What component of a scientific article relates the relevance of re-





e. None of the above
 Breaking it Down 653
3. Why do think scientific articles are important to your work or ex-
perience as a student? 
Industry Standards
4. How would you rate your comfort level with effectively under-
standing and using an industry standard in class or at work? 
a. Extremely familiar. I read these things for breakfast. 
b. Moderately familiar. I use them when necessary and do 
just fine. 
c. Somewhat familiar. I try to muscle through it but would 
like to know some tips. 
d. Slightly familiar. I have read an industry standard but 
have yet to use one.
e. Not at all familiar. I have never read or used an industry 
standard. 
5. Who creates an industry standard? 
a. Working professionals: between the hours of 9–5 
b. University professors: in the wee hours of the morning
c. Professional organizations: members of IEEE or some 
other acronym
d. Government agencies: Big Brother knows how to stan-
dardize
e. All of the above: it’s a party and everyone is invited
6. Why do you think having standards is important to fields of engi-
neering and computer science? 
Authority is Constructed and Contextual 
7. Team leaders for an agile software development team and a 
front-end development met to discuss a client’s needs. They have 
requested that you, as the intern, help to find the latest resourc-
es related to most efficiently and effectively implementing agile 
software development teams. Where would you look for this 
information? 
a. Trade publications: Wired
b. IEEE standards: agile software development
c. Scholarly publications: IEEE Wireless Communications
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d. Google: Manifesto for Agile Software Development
e. A, C, and D
8. While researching in the IEEE Xplore, you find a scholarly article. 
Judging by the abstract, it might be relevant to your research, but 
you have never heard of the authors before. How do you determine 
if the article is authored by trustworthy sources in your field of 
study? 
a. Go with it. IEEE Xplore is a reliable database and they 
always vet information before indexing it. 
b. Google: Do the authors work in academia or publishing? 
Where? Have they ever published before? If so, where? 
Who are these people, really?
c. Google Scholar: Check how many times the article has 
been cited by others. This is the quickest way to check 
authors’ cred. 
d. Citation chaining: Plug the authors’ sources into Goo-
gle Scholar, Web of Science, or IEEE Xplore database to 
make certain the cited works exist and are well cited. 
e. B, C, and D
9. In your field of work, who do see as authority figures in your field 
and why? 
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